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Abstract. Chitinozoa referable to nine genera and twelve species (five new) are recorded from the Sylvan

Shale of the Arbuckle Mountains in southern Oklahoma. They provide for the first time a means of dating, bio-

stratigraphically subdividing, and correlating the entire formation. Its chitinozoan fauna indicates that the Sylvan

Shale is of Upper Ordovician age throughout and confirms with additional fossil evidence the age of the lower

beds. No abrupt changes break the general continuity of the chitinozoan succession but on the basis of gradual

changes in the composition of its chitinozoan fauna the Sylvan Shale may be divided into three biostrati-

graphical units. The fauna occurs throughout the Arbuckle Mountains and is recognizable in the subsurface

of western Texas and in the Maquoketa Formation of eastern Iowa. It differs strikingly from the fauna in the

underlying Viola and Femvale Limestones, and from the faunas in the overlying formations of the Silurian-

Devonian Hunton Group. The occurrence of reworked Sylvan chitinozoans in upper Sylvan strata indicates that

during late Sylvan time uplift (hitherto unsuspected) took place, at least locally, in the southern mid-continent.

The fauna is described systematically. Clathrochitina Eisenack 1959 is used in its original sense; Plectochitina

Cramer 1964 is a junior synonym. Sagenachitina gen. nov. is proposed for species, hitherto referred to Clathro-

chitina, whose basal margins support finely divided networks. Acanthochitina rashidi, Ancyrochitina merga,

Clathrochitina sylvanica, Cyathochitina agrestis, and Sphaerochitina lepta are new species.

This account of chitinozoans from the Sylvan Shale is the second of two investigations

directed primarily at establishing an Upper Ordovician chitinozoan reference section

in the Arbuckle Mountains of southern Oklahoma. In a stratigraphical sense it is the

continuation of an earlier study (Jenkins 1969) devoted to chitinozoans from the

underlying Viola and Fernvale Limestones. An incidental objective was to provide,

for the first time, a means of dating and correlating the entire formation.

The Sylvan Shale is the youngest Ordovician formation in the Arbuckle Mountains,

and rests unconformably upon the slightly older Viola-Fernvale limestone succession.

It was chosen for this investigation primarily because it contains large numbers of well-

preserved chitinozoans at practically all stratigraphical levels, but several additional

factors also favoured its selection as a standard for stratigraphical reference. In particular,

it is a distinctive lithostratigraphical unit separated by regional unconformities and by its

sharply contrasting lithology from thick carbonate sequences above and below. In the

subsurface the Sylvan Shale extends across most of Oklahoma into north-western Texas
and southern Kansas and has been widely used as a marker horizon in the subsurface

mapping of an otherwise unbroken sequence of Ordovician to Devonian limestones.

The formation crops out widely within the Arbuckle Mountains, for which reason

the samples were collected there. It is particularly well exposed and free from faulting

in a narrow outcrop 14 miles (22 km.) long, running west-north-west from Ravia to the

Washita River along the steeply dipping southern flank of the Sycamore Creek Anti-

cline (text-fig. 1). Chitinozoans from this outcrop form the basis of the present study.

In this paper, for reasons presented elsewhere (Jenkins 1969, pp. 5, 6), the base of the

Nemagraptus gracilis Zone (or its correlatives) is taken as the lower limit of the Upper
Ordovician. Thus defined, the Upper Ordovician includes the basal beds of the North

[Palaeontology, Vol. 13, Part 2, 1970, pp. 261-288, pi. 47-51.]
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text-fig. 1. Showing the outcrop (outlined) and structural features of the pre-Pennsylvanian rocks

in the Arbuckle Mountains. The shaded portion of the index map of Oklahoma delineates the area

shown. The upper left inset map (represented by the shaded rectangle in the chart) shows the

outcrop (stippled) of the Sylvan Shale exposed in the Sycamore Creek Anticline, and the road from

Baum (on U.S. Highway 177) to the section (S) which provided the rock samples for this study.

Compiled from Ham, W. E. 1955, Geology of the Arbuckle Mountain Region, Guide Book III;

Ham, W. E. et al., 1954, Geologic Map and Sections of the Arbuckle Mountains, Oklahoma, Guide
Book III. Both published by the Oklahoma Geological Survey.

American Black River Stage and their correlatives (Twenhofel et al. 1954; Berry 1960a,

b; Kay 1960, p. 30) at the base of the Caradoc Series in Britain.

PREVIOUSRESEARCH
Previous publications concerned with chitinozoans from the Sylvan Shale are limited

to two notes (Wilson 1958, Wilson and Hedlund 1964) and an abstract (Wilson

and Hedlund 1962). The latter is from Hedlund’s (1960) substantial account of

chitinozoans, acritarchs, and scolecodonts, which was submitted as a thesis for the

Master of Science degree to the University of Oklahoma. Although unpublished,

Hedlund’s work has remained for a decade the chief source of information about
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organic-walled microfossils in the Sylvan Shale, and the only attempt to describe them
systematically.

The possibility exists, however, that chitinozoans were encountered in fossil residues

of the Sylvan Shale as early as 1930. A short publication by Thomas (1930) contains

(p. 87) not only a very early (perhaps the earliest) reference to organic-walled micro-

fossils in the Lower Palaeozoic of Oklahoma, but almost certainly a passing reference

to chitinozoans. I have been unable to ascertain whether or not this paper preceded

Eisenack’s of the same year, in which chitinozoans (though not named as such) were

introduced to the scientific literature. On account of this paper’s apparent obscurity

outside North America the following relevant passage is reproduced.

. . .1 also have permission from Mr. S. W. Lowman, micropaleontologist for the Midcontinent

Petroleum Corporation, to announce a discovery he has recently made concerning the Sylvan in

Oklahoma and Kansas. He has found that after completely dissolving the shale in concentrated hydro-

chloric acid the residue will yield microfossils which are invisible upon ordinary microscopic examina-

tion. He discovered organisms similar to Sporangites found in the Woodford [Formation, which is

Devonian-Mississippian]. One species is about as large as the disc-like Sporangites huronense and
is found in the upper Sylvan from central Kansas to the Arbuckles. Another species about twice as

large as the above has been found in the upper Sylvan on the outcrop and in wells near the Arbuckles.

A few spindle-shaped forms have been found. There are reasons to believe that these are plant spores

and there are also arguments in favor of the theory that they are graptolitic in nature (Thomas 1930,

p. 87).

In all probability the ‘spindle-shaped forms’ are chitinozoans for, to my knowledge,

no organic-walled microfossils in the Sylvan Shale other than certain chitinozoans (and

possibly a few netromorph acritarchs) could be interpreted, however broadly, as

spindle-shaped. It is interesting to learn from Thomas’s paper that the speculation

about the natural affinities of the Chitinozoa, which has continued to the present day,

had already started before the group was formally established and named by Eisenack

in 1931.

GENERALSTRATIGRAPHY

Lithology and fauna. Throughout the Arbuckle Mountains the lower part of the Sylvan

Shale, up to c. 130 ft. (40 m.) thick, is a hard, splintery, very fissile, brown to dark grey

shale containing graptolites which are particularly abundant near the base. By contrast,

the upper part of the formation, up to 200 ft. (61 m.) thick, is mainly a soft, weakly
fissile to concretionary, greenish-grey shale, and is apparently devoid of macrofossils.

The topmost 30 ft. (9 m.) is a soft, massive, highly pyritic, light green clay stone, which
disaggregates completely in water and is, for this reason, only ever temporarily exposed.

The Sylvan Shale is generally slightly calcareous, and may be highly calcareous locally,

particularly in its upper 100 ft. (30 m). Dolomite beds a few inches thick occur irregu-

larly throughout the formation, and in the lower part two beds of dense brown
dolomite, each 1-3 ft. (0-30-0-91 m.) thick, extend laterally over a wide area. Outcrops
of the Sylvan Shale are strikingly delineated by sharp changes in the topography, soil,

and vegetation of the limestone country within which they are exposed.

The formation contains, in addition to one species of brachiopod (Cooper 1956, p.

244) and seven species of graptolites (Decker 1935, 1945; Ruedemann 1947, pp. 90-2,

100) in its lower part, a rich fauna of chitinozoans and acritarchs throughout. Generally,
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however, other fossils are lacking, and the upper Sylvan in particular is seemingly

devoid of macrofossils.

The lithology and fauna of the Sylvan Shale indicate that it was laid down in tranquil

waters, and suggested to Ham(1969, p. 11) that it was deposited in deeper waters than

all other pre-Mississippian formations in the Arbuckle Mountains. It is the only pre-

Upper Devonian shale unit, moreover, to persist throughout the Arbuckle Geosyncline

and to extend beyond it over much of the southern mid-continent.

Pattern of deposition. Within the Arbuckle Mountains the Sylvan Shale’s broad pattern

of deposition is similar to that of the Viola Limestone (Jenkins 1969, p. 3). The Sylvan

sediments in the south-western Arbuckle Mountains were laid down in the rapidly

subsiding basin of the Arbuckle Geosyncline, whereas those to the north and east of a

line now approximately followed by the Reagan Fault (text-fig. 1) were deposited on a

slowly subsiding geosynclinal shelf. This led to the accumulation of less sediment in the

north-east than in the south-west and explains the general thinning of the formation

north-eastward across the Arbuckle Mountains from a maximum of 325 ft. (99 m.) in

the basin to 150-175 ft. (45-53 m.) on the shelf (Ham 1969, p. 10).

Stratigraphical relations. Over a large part of Oklahoma, including the Arbuckle

Mountains, regional unconformities separate the Sylvan Shale from a thick sequence

of older Ordovician limestones below, and a succession of Silurian and Devonian

carbonate formations above. The Sylvan lies everywhere upon the Fernvale Limestone,

and the sharp contact is well exposed in Sycamore Creek (text-fig. 1), map reference

SWJ SEJ sec. 27, T. 3 S., R. 4 E., Johnston County, Oklahoma. The dips of the

two formations appear to be the same, but close examination reveals that the top of the

Fernvale Limestone is an erosion surface that had been extensively weathered before

the shale was laid down. A 2-3 in. (5-8 cm.) thick band of oxidizing pyritic ‘rubble’,

containing phosphatized pebbles, locally marks the base of the shale, as at Sycamore

Creek, and (Ham, personal communication, May 1969) is particularly well developed

as a pyritic phosphate conglomerate, containing dolomite pebbles, in the road-cut

entrance to Rayford Quarry (text-fig. 1), map reference NWJNEf NEJ sec. 28, T. 1

S., R. 2 E., Murray County, Oklahoma. This and related late Ordovician unconform-

ities are given some prominence, and discussed in a regional context, by Hamand

Wilson (1967, pp. 350-2) in a comprehensive account of Palaeozoic tectonic disturbances

in the central United States.

Almost everywhere within the Arbuckle Mountains the Sylvan Shale is unconformably

overlain by Silurian or Lower Devonian limestones (Amsden 1960, panel III). These

are extremely thin within the Sycamore Creek Anticline, however, and locally, as at

Sycamore Creek, they have been entirely removed by mid-Devonian erosion; the black

shales and bedded cherts of the Upper Devonian-Mississippian Woodford Formation

lie directly upon the Sylvan Shale. The Woodford Formation, which is 350-560 ft.

( 107-171 m.) thick in the Arbuckle Mountains, has been dated by conodonts as ranging

in age from Frasnian (Upper Devonian) to Kinderhookian (Lower Mississippian)

;

the Mississippian part of the formation generally is less than 1 ft. (0-30 m.) thick, and

exceptionally at least 10 ft. (3 m.) thick (Hass and Huddle 1965).

Age and correlation. The Sylvan Shale was dated Upper Ordovician by Decker (1935),

on the basis of graptolites confined to the lower part of the formation. The greater part
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of the Sylvan Shale has yielded no macrofossils, however, but was placed in the Ordo-

vician on the basis of its association with the lower Sylvan. Although Decker’s age de-

termination for the lower graptolitic Sylvan has generally been accepted, the age of

the overlying ‘unfossiliferous’ beds, at least 200 ft. (61 m.) thick in the south-western

Arbuckle Mountains, has not hitherto been demonstrated.

Collection and preparation of material. Samples were collected at stratigraphical intervals of 20 ft.

(6T0 m.) throughout the Sylvan Shale succession exposed in the bed and banks of Sycamore Creek
(text-fig. 1), map reference SWJSEJ sec. 27, T. 3 S., R. 4 E., Johnston County, Oklahoma, com-
mencing 1 ft. above the Fernvale Limestone-Sylvan Shale contact. The latter serves as an easily

recognizable reference datum, and samples are numbered according to their original stratigraphical

positions (measured in feet) above it. For example, sample Sy280 is from a stratigraphical level 280 ft.

above the contact, the prefix ‘Sy’ indicating that it is from Sycamore Creek. These samples are briefly

described in the appendix.

The collection of regularly spaced samples was made easy at Sycamore Creek by the steep inclination

of the beds and the absence of faulting. The relatively resistant shales in the lower part of the formation

are well exposed in the bed and steep banks of the creek, and samples of these were collected without

difficulty. To obtain samples of the softer shales and claystones near the top of the formation, how-
ever, it was necessary to dig through as much as 2 ft. (0-6 m.) of Recent alluvium. The total thickness

of the Sylvan Shale at Sycamore Creek, from its sharp contact with the Fernvale limestone below,

to its equally sharp contact with the Woodford Formation above, was carefully measured by Mr.
J. A. Turnbull and myself, and found to be 305 ft. (93 m.), slightly less than Decker’s (1935, p. 698)

figure of 320 ft. (97-5 m.).

In order to determine how much the character of the Sylvan chitinozoan fauna varies regionally

several samples were collected at widely scattered localities (q.v., p. 283) throughout the Arbuckle

Mountains. A few figured specimens are from outcrops along U.S. Highway 77 about 4 miles (6-4 km.)
south of Davis (text-fig. 1), map reference sec. 30, T. 1 S., R. 2 E., Murray County, Oklahoma. Their

reference numbers are prefixed ‘Da’.

The chitinozoans were prepared for microscopical examination according to the method outlined

by Jenkins (1967, pp. 439-41), and furnished with reference numbers in the manner described for the

Viola and Fernvale specimens of an earlier study (Jenkins 1969, p. 7). Most of the preparations,

including all the type material, and portions of each rock sample, are housed in the Micropalaeontology

Laboratory, Department of Geology, The University, Sheffield, England.

SYSTEMATICPALAEONTOLOGY

Order chitinozoa Eisenack 1931

Genus acanthochitina Eisenack 1931 emend. Jenkins 1967

Type species. Acanthochitina barbata Eisenack 1931 (by original designation), Ordovician, Baltic.

Acanthochitina rashidi sp. nov.

Plate 47, fig. 20; Plate 48, figs. 1,2; text-fig. 2

Hoiotype. Plate 48, figs. 2a, b. Specimen Sy80/2/l/B; Sylvan Shale, 80 ft. (24-38 m.) stratigraphically

above base, Sycamore Creek.

Diagnosis. Small conical to pyriform test. Maximum diameter about four-fifths total

length; base convex, margin rounded. Neck weakly differentiated from chamber, short,

tapering; commonly not developed. Aperture equal to, or slightly greater than, half

maximum diameter. Numerous closely spaced slender processes; arms of adjacent
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processes united, forming a complete reticulum that stands as high as 12 yu, above
surface of test wall.

Dimensions {in microns). 25 specimens measured.

Total Maximum Apertural

length diameter diameter

Holotype: 128 89 53

Range

:

105-158 81-106 40-63

Mean: 123 93 51

Remarks. Acanthochitina rashidi is considered as a separate species because it falls

well outside Jansonius’s (1964, p. 909) definition of

Kalochitina multispinata. Wherever it has been found,

however, A. rashidi makes up continuously inter-

grading populations with K. multispinata and many
transitional forms occur. The two species are distin-

guished arbitrarily and solely on the basis of their

ornaments. Their close relationship is not reflected in

the strictly empirical system of classification followed

here, however, and they are unavoidably referred to

different genera.

Comparison. In Hercochitina downiei Jenkins 1967 pro-

cesses stand in longitudinal rows, and most frequently

are connected only to those longitudinally adjacent

to them. A. rashidi is much smaller than the type species

(total length of 25 British examples 300-485 p, mean
408 ytx), and has a much more delicate ornament; pro-

cesses on the basal margin do not differ appreciably

from those elsewhere and, in particular, are not con-

nected by a membrane.

Material. Several thousand single tests, and a dozen chains of two or three tests each.

Occurrence. Sy80-Sy200. A. rashidi is restricted to the middle of the Sylvan Shale, although forms

transitional to it, but referable to K. multispinata, occur at the younger horizons Sy220, Sy240, and
Sy260.

text-fig. 2. Acanthochitina rashidi

sp. nov. Lateral profile, x400.
For the sake of clarity only the

ornament seen in profile is shown.

EXPLANATIONOF PLATE 47

Figs. 1-19. Ancyrochitina merga sp. nov., all but 19 x250. 1-8, Sy80/1/1/B, Sy60/1/1/F, B, E, Sy80

/

1/1 /A, D, C, and Sy60/1/1/H, respectively, bearing a variety of T- and Y-shaped appendices. 9-11,

Sy60/1/1/D, Sy80/1/1/E and Sy60/1/1/A, respectively, with A-shaped appendices. 12, 13, Sy80/1/1/F

(holotype) and Sy60/1/1/C, respectively, each possessing T-, Y-, and A-shaped appendices. 14-17,

Sy40/1/1/A, C, B, and D, respectively, with ornaments of simple spines and A-spines; this form

represents the species near the base of the Sylvan Shale, whereas younger Sylvan strata contain

only smooth-walled forms (figs. 1-13). 18, Sy60/1/1/G, cluster of three tests; two are in polar view,

the upper right in lateral view. 19, Sy80/1/1/G, detail showing three simple appendices, and one

with three orders of branching, in phase-contrast illumination x 400.

Fig. 20. Acanthochitina rashidi sp. nov., Syl00/2/l/B, in phase-contrast illumination, x400.



Palaeontology, Vo I. 13 PLATE 47

JENKINS, Ordovician chitinozoa from Oklahoma





JENKINS: CHITINOZOA FROMTHE ARBUCKLEMOUNTAINS, OKLAHOMA267

Genus ancyrochitina Eisenack 1955a

Type species. Conochitina ancyrea Eisenack 1931 (by original designation), Silurian, Baltic.

Ancyrochitina merga sp. nov.

Plate 47, figs. 1-19; text-fig. 3

Holotype. Plate 47, fig. 12. Specimen Sy80/1/1/F; Sylvan

Shale, 80 ft. (24-38 m.) stratigraphically above base, Sycamore
Creek.

Diagnosis. Small fungiform test. Chamber about

half total length, wider than long; base slightly

convex, margin rounded. 8-24, generally fewer than

15, simple or branching appendices up to one-third

of the maximum diameter in length; generally 1-3,

rarely 4, orders of Y- or T-shaped branching into

2 sharply diverging, equal distal limbs. Commonly,
appendices divide (A-shaped branching) in a trans-

verse plane to form two proximal limbs which meet
the basal margin abruptly. Oral tube cylindrical or

slightly flaring, one-third to half maximumdiameter in ^ T’

T

FIC
!'

J
‘,

Ancy rocn ' tma merga sp.

width; aperture fringed with hairs up to 5^ in length, appendices and the ornament of A-

Test smooth, or bearing slender, tapering, simple or spines and simple spines, x400.

A-spines with pointed tips, up to one-sixth maximum
diameter in length; thinly distributed, absent on base and basal margin.

Dimensions (in microns). 25 specimens measured.

Holotype

:

Range

:

Mean:

Total

length

125

100-155

128

Chamber
length

70
52-71

64

Maximum
diameter

91

70-98

81

Oral tube

diameter

35

32-46

36

Apertural

diameter

c. 35

35-55

44

Appendix

length

<30
<35

Description. The flanks of the short, wide chamber are almost straight and taper rapidly,

but with no abrupt change of curvature, into the neck. The maximum diameter generally

is 120-140% of the chamber length. Where A. merga first occurs (horizon Sy40) it

bears slender, simple spines and A-spines up to 12 p in length, distributed thinly over

the test (PI. 47, figs. 14-17). Throughout the remainder of the formation, however,

forms with smooth walls, or forms with very few short spines (< 2 p in length) on the

shoulder and neck, greatly predominate over the more ornate forms.

Comparison. A. merga is readily distinguished by the style and number of its appendices.

A. corniculans Jenkins 1969 from the Viola and Fernvale Limestones is cylindro-

conical rather than fungiform, and has only 4-6 appendices.

Material. Several thousand single tests.

Occurrence. Sy40-Sy305.
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Genus clathrochitina Eisenack 1959

Type species. Clathrochitina clathrata Eisenack 1959 (by original designation), Wenlock, Gotland.

Diagnosis. ‘Chitinozoans shaped like Ancyrochitina ancyrea, and furnished with appen-

dices whose distal ends coalesce with a ring situated concentrically about the basal

margin’ (Eisenack 1959, p. 15).

Remarks. Clathrochitina Eisenack 1959 was conceived for cylindroconical chitinozoans

possessing distinct appendices (generally discrete processes confined to the basal margin)

that coalesce distally; Plectochitina Cramer 1964 is a junior synonym. Unfortunately,

several species lacking distinct appendices have been referred inappropriately to

Clathrochitina on the basis of finely meshed networks suspended from their basal

margins, and Plectochitina has assumed the taxonomic role originally intended for

Clathrochitina. Consequently, the genus Sagenachitina (q.v., p. 270) is here proposed for

chitinozoans with networks suspended from their basal margins; and several species

are transferred to it from Clathrochitina. The latter is considered to include, besides

the type species, Clathrochitina multiramosa (Taugourdeau and Jekhowsky 1960)

Taugourdeau 1967, C. saharica (Taugourdeau 1962) comb, nov., C. carminae (Cramer

1964) comb, nov., C. rosendae (Cramer 1964) comb, nov., and C. combazi (Cramer

1967a) comb. nov. It seems essentially a Silurian genus, being known only from the

uppermost Ordovician (this paper), the Silurian (Eisenack 1959; Taugourdeau 1962,

1967; Cramer 1964, 1967a; Taugourdeau et al. 1967, p. 85, under Plectochitina), and,

perhaps, the basal Devonian (Cramer 1964).

Cramer (1967a, pp. 84, 94; 19676, p. 47) interpreted the structure on the basal margin

of C. clathrata (type species of its genus) as a ‘perforate cingulum’ and, on the basis of

this interpretation, transferred the species to Cyathochitina Eisenack 19556. For species

previously referred to Clathrochitina, which was abandoned through the loss of its type

species, he proposed the genera Clathrochitinella and Pseudoclathrochitina. While

Cramer’s proposals may seem reasonable in the light of his structural interpretation,

the latter is entirely inconsistent with Eisenack’s (1959, p. 15, pi. 1, figs. 3, 4; text-fig. 4)

clear illustrations and lucid, unambiguous description of the genus and its type species.

Cramer’s proposals and transfer of C. clathrata are, if only for this reason, unaccept-

able, and Clathrochitinella and Pseudoclathrochitina should be abandoned along with

Plectochitina. Aside from the faulty interpretive basis upon which they rest, Cramer’s

proposals and transfer serve little more than to complicate and confuse a relatively

straightforward issue, namely the generic placement of two groups of cylindroconical

chitinozoans, one characterized by networks suspended from the basal margin ( Sagena-

chitina ), the other by appendices which coalesce distally ( Clathrochitina ). The existence

of a few forms transitional between Sagenachitina and Clathrochitina is known (e.g.

Taugourdeau 1967, pi. 1, fig. 9) but scarcely complicates the issue.

Clathrochitina sylvanica sp. nov.

Plate 48, figs. 3-13; text-fig. 4

Holotype. Plate 48, figs. 11a, b. Specimen Da50/12/1/A; Sylvan Shale, 50 ft. (15-24 m.) stratigraphic-

ally above base, in outcrop on west side of U.S. Highway 77, about 4 miles (6-4 km.) south of Davis,

Oklahoma.
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Diagnosis. Conical chamber slightly longer than oral tube, approximately as wide as

long; base flat or slightly convex, margin rounded. Appendices of uniform thickness

and texture, suspended at 6-15, generally 8-12, points on the basal margin; commonly
anastomosing; occasionally discrete for their full lengths and connected at their tips

by a continuous ring; equal to, or less than, maximum diameter in length. Oral tube

cylindrical, half maximum diameter in width. Test wall smooth.

text-fig. 4. Clathrochitina sylvanica sp. nov. Lateral views of two variants with

strongly developed appendices, x 400.

Dimensions (in microns ). 25 specimens measured.

Total Chamber Maximum Oral tube Appendix

length length diameter diameter length

Holotype: 120 62 78 36 < 53

Range

:

110-160 60-85 75-103 36-48 12-90

Mean: 131 76 84 40 —

Description. The flanks taper fairly uniformly, and the junction of the chamber and

neck generally is clearly defined. The appendices are very strongly developed. Their

pattern of branching and anastomosing varies considerably at each horizon, but the

same, or closely similar, variants occur wherever the species has been found.

Comparison. Ancyrochitina merga is readily distinguished from C. sylvanica by its

discrete, pitchfork-shaped appendices. Damaged specimens which have lost their

appendices, however, may be exceedingly difficult to identify, but typical examples of

A. merga are, nevertheless, fungiform rather than cylindroconical, and may bear
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simple or A-spines. Four similar species of Clathrochitina differ from C. sylvanica as

follows. C. combazi (Cramer 1967a) possesses 12-24 modestly branching appendices,

whereas C. rosendae (Cramer 1964) bears only a few. The appendices of C. clathrata

Eisenack 1959 are very short; those of C. carminae (Cramer 1964) branch elaborately

and may extend as far as 130
fj,

from the basal margin. C. multiramosa (Taugourdeau

and Jekhowsky 1960) Taugourdeau 1967 is readily distinguished by about 12 short

processes attached immediately below the aperture, and connected at their tips by a

continuous ring.

Material. Approximately 400 single tests.

Occurrence. ?Syl, Syl6-Syl80. Clathrochitina sylvanica is a distinctive element in approximately the

lower half of the Sylvan Shale.

Genus sagenachitina gen. nov.

Type species. Clathrochitina oblonga Benoit and Taugourdeau 1961 (by original designation), Arenig,

Algeria.

Diagnosis. Chitinozoa with cylindroconical or campanulate tests and a network suspended

from the basal margin.

Remarks. Sagenachitina gen. nov. is not represented in the Sylvan Shale, but is proposed

for a group of closely similar species including 5 formerly referred inappropriately to

Clathrochitina Eisenack 1959. These are Sagenachitina oblonga (Benoit and Taugour-

deau 1961) comb, nov., S. aquitanica (Taugourdeau 1961) comb, nov., S. eisenacki

(Taugourdeau 1961) comb, nov., S. retifera (Taugourdeau and Jekhowsky 1960) comb,

nov., and S. striata (Benoit and Taugourdeau 1961) comb. nov. Sagenachitina differs

from Clathrochitina (q.v., p. 268) in that its basal margin supports a finely divided net-

work, rather than a relatively small number of distinct processes which coalesce distally.

Apparently it is restricted to the Ordovician (Taugourdeau et al. 1967, p. 78), whereas

Clathrochitina ( sensu Eisenack 1959) seems essentially a Silurian genus.

Acknowledgement. Sagenachitina was introduced to the literature by Jansonius (1967, p. 352) as an

informal manuscript name. It is validated here, in its original sense, with the permission and approval

of Dr. Jansonius.

Genus conochitina Eisenack 1931 restr. 19556

Type species. Conochitina claviformis Eisenack 1931 (by original designation), Silurian, Baltic.

Conochitina elegans Eisenack 1931

Plate 49, figs. 1-17

EXPLANATIONOF PLATE 48

Figs. 1, 2. Acanthochitina rashidi sp. nov., x400. 1, SylOO/2/l/D, in phase-contrast illumination.

2, Sy80/2/l/B, holotype; in bright-field (2a) and phase-contrast (lb) illumination.

Figs. 3-13. Clathrochitina sylvanica sp. nov., illustrating variation in the size and complexity of the

appendices, > 250. 3, Sy60/12/1/D. 4, Syl00/12/1/A. 5, Sy80/12/1/B. 6, Sy60/ 12/1 /C, polar view.

7, Sy60/12/1/E. 8, Sy60/12/1/K. 9, Sy80/12/1/A. 10, Syl00/12/1/C. 1 1, Da50/1 2/1/A, holotype;

in bright-field (11a) and phase-contrast (116) illumination. 12, Sy60/ 12/1 /H. 13, Sy60/12/1/A.
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1931 Conochitina elegans Eisenack, p. 87, pi. 2, fig. 4 (holotype).

1934 Rhabdochitina conocephala Eisenack, p. 61, pi. 4, figs. 10-12; text-fig. 32.

1959 Conochitina elegans Eisenack; Eisenack, p. 3, pi. 2, figs. 4 (neotype), 5; text-fig. 1.

1960 Rhabdochitina conocephala Eisenack; Taugourdeau and Jekhowsky, p. 1230, pi. 9,

fig. 131.

non 1962 Conochitina elegans Eisenack; Beju and Dane!, p. 531, pi. 1, figs. 31, 32.

non 1964 Rhabdochitina conocephala Eisenack; Cramer, p. 351, pi. 22, fig. 14; pi. 23, figs. 7, 11, 12.

1965 Rhabdochitina hedlundi Taugourdeau, p. 472, pi. 3, figs. 60, 66.

1965 Conochitina elegans Eisenack; Eisenack, p. 126, pi. 10, fig. 9.

1967 Conochitina elegans Eisenack; Jenkins 1967, p. 455, pi. 71, figs. 1^1.

Dimensions ( in microns). 50 specimens measured.

Total Maximum Minimum Apertural

length diameter diameter diameter

Range: 204-904 62-96 50-78 61-78

Mean: 403 78 61 69

26 specimens from
| [
Range

:

288-667 — — —
Estonia (Eisenack

1959) 1[Mean: 467 — — —

26 specimens from
|

' Range: 332-690 — —
the Ostseekalk of

south Finland I

(Eisenack 1965)

[ Mean

:

493 - - -

30 specimens from
|

[Range: 200-616 58-92 —
England (Jenkins

1967) (Mean: 388 73

Remarks. Conochitina elegans Eisenack 1931 shows the same pattern of morphological

variation in the Sylvan Shale as it does in the Caradocian Jewe and Kegel Beds, Dx-D 2 ,

of Estonia (Eisenack 1959, p. 3, text-fig. 1), and in the Caradoc Series of England

(Jenkins 1967). Throughout the Sylvan Shale, short conical or cylindroconical forms

up to 400 /jl in length (PI. 49, figs. 8-15) predominate numerically over much longer

cylindrical forms, up to 900 /x in length, which have pronounced aboral swellings (PI. 49,

figs. 1-7). The aperture is distinctively fringed by numerous, irregular, simple or branching

processes up to 6 /x in length.

I am reasonably sure that Conochitina elegans and Rhabdochitina hedlundi Taugour-

deau 1965 are conspecific. Well-preserved typical examples of C. elegans occur at

several horizons in the Upper Ordovician Maquoketa Formation from Iowa, where

Taugourdeau obtained the type material of R. hedlundi, but no other species comparable

to C. elegans or R. hedlundi is represented.

Material. Several thousand single tests, and clusters of up to 15 tests each.

Occurrence. Syl-Sy305. The species occurs in the Caradoc Series of Estonia (Eisenack 1959, 19626)

and Shropshire, England (Jenkins 1967), and in the Ostseekalk of north Germany and south Finland

(Eisenack 1965). Taugourdeau and Jekhowsky (1960) record it, as Rhabdochitina conocephala, in

Algerian sediments referred with reservations (op. cit., pp. 1205, 1230) to the lower Silurian. Eisenack

(1964) refers to C. cf. elegans a group of forms from the Llandovery, Wenlock, and lower Ludlow of

Gotland which, while closely similar to the Ordovician type material, are not certainly conspecific

with it.

C 7393 T
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Conochi tina cactacea Eisenack 1937

Plate 49, figs. 18-25; text-fig. 5

1937 Conochitina cactacea Eisenack, p. 222, pi. 15, figs. 14, 15 (holotype).

1959 Conochitina cactacea Eisenack; Eisenack, p. 10, pi. 1, figs. 12 (neotype), 13; text-fig.

2a, b.

non 1965 Conochitina cf. cactacea Eisenack typica Taugourdeau, p. 467, pi. 1, fig. 10.

1965 Conochitina cactacea Eisenack; Eisenack, p. 125, pi. 9, figs. 18, 19.

1967 Conochitina cactacea Eisenack; Laufeld, p. 299, fig. 9.

text-fig. 5. Conochitina cactacea Eisenack 1937. Lateral views illustrating (left) a

typical cylindroconical example with randomly distributed spines, and (right) a

pyriform test whose spines are expanded proximally and arranged in longitudinal

rows, x350.

Dimensions {in microns). 25 specimens measured.

Total Maximum Oral tube Apert ural Spine

length diameter diameter diameter length

Range: 118-240 80-123 52-77 53-73 < 15

Mean: 165 97 63 62 —
Neotype (Eisenack 1959): 123 72 42 43 —

EXPLANATIONOF PLATE 49

Figs. 1-17. Conochitina elegans Eisenack 1931, x 100. 1-7, Sy60/4/l/A, D, K, Da3/4/l/B, Sy60/4/l/R,

G, and Syl00/4/l/C, respectively, long cylindrical tests with conspicuous aboral swellings. 8-10,

Sy60/4/l/S, H, and J, respectively, shorter tests with neck and chamber differentiated. 11-17,

Sy40/4/l/C, D, F, A, Sy60/4/l/T, Da3/4/l/D and Sy60/4/l/P, respectively, short to very short tests

illustrating some of the very considerable variation that is expressed in both the large and small

size-fractions of populations of C. elegans.

Figs. 18-25. Conochitina cactacea Eisenack 1937, all except 19 b x250. The figured specimens have

been chosen to illustrate the ornament; most are distorted and none shows the typical shape of this

well-known species. 18, Sy60/6/l/A. 19, Syl6/6/l/A; 19 a, showing exceptionally well-preserved

ornament in upper right quadrant of photograph; 19 b, detail of proximally-expanded spines, in

phase-contrast illumination x 1600. 20, Syl6/6/l/D. 21, Syl6/6/l/B. 22, Sy 16/6/1 /F. 23, Sy60/

6/1 /B. 24, Syl6/6/l/E. 25, Syl6/6/l/C.
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Description. The chamber is conical with straight or swollen flanks, and makes up more
than half the total length. The base is flat, with a broadly rounded margin. The oral

tube, which occasionally is not developed, is cylindrical and approximately two-thirds

of the maximum diameter in width. The aperture is straight, or fringed with irregularly

spaced processes up to 3 /x in length. Short spines, most of which are simple, cover the

entire test. Branching spines with two distal limbs, and A-spines with two or three

discrete bases, however, are common. Spines may taper uniformly, or their proximal

portions may be widely expanded in a plane parallel with the test’s longitudinal axis.

Commonly the spines show some tendency to loosely align themselves in longitudinal

rows, and in some examples the expanded proximal portions of longitudinally adjacent

spines occasionally coalesce, forming very short ridges up to 3 /x in height. Such ridges

tend to be less strongly developed, though no less common, toward the aperture. In

general, spines are largest on the basal margin and become smaller orally.

Material. Approximately 200 single tests.

Occurrence. Syl-Sy305. C. cactacea occurs throughout the Sylvan Shale, but nowhere is it common.
The species occurs in the Ostseekalk of north Germany and Gotland (Eisenack 1965), and in the

Caradocian Dalby and Slandrom Formations of central Sweden (Laufeld 1967). A few atypical exam-
ples are known from the Wesenberg Beds, E, of Estonia (Eisenack 19626, 1965).

Genus cyathochitina Eisenack 19556

Type species. Conochitina campanulaeformis Eisenack 1931 (by original designation), Ordovician,

Baltic.

Cyathochitina agrestis sp. nov.

Plate 50, figs. 11, 18

Holotype. Plate 50, figs. 1 1 a, b. Specimen Syl/8/l/A; Sylvan Shale, 1 ft. (0-3 m.) stratigraphically above
base, Sycamore Creek.

Diagnosis. Large test. Chamber conical to swollen cylindrical, about two-thirds total

length; maximumdiameter in lower half or middle of chamber, about one-third chamber
length; base flat, about three-quarters maximum diameter in width. Carina attached

some distance aborally of maximum diameter. Oral tube cylindrical or slightly flaring,

about four-fifths maximum diameter in width; aperture straight. Test wall rough.

Dimensions {in microns). 6 specimens measured.

Total Chamber Maximum Oral tube Apertural Carina
length length diameter diameter diameter width

Holotype: 980 660 192 148 172 <20
Range

:

592-980 376-660 176-192 128-152 136-172 <25
Mean: 784 549 184 142 153 —

Comparison. In general shape this species closely resembles Acanthochitina barbata

Eisenack 1931 and Cyathochitina stentor (Eisenack 1937), but lacks the diagnostic

ornament of either (Jenkins 1967, pp. 443-5; Laufeld 1967, p. 318, respectively). It is

much larger than Cyathochitina calix (Eisenack 1931), 57 Baltic examples of which
(Eisenack 1962a) average 299 p in total length (min. 190 p, max. 450 p).

Material. 10 single tests.

Occurrence. Syl.
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Cyathochitina ontariensis (Jansonius 1964) comb. nov. emend.

Plate 50, figs. 1-9

1964 Tanuchitina ontariensis Jansonius, p. 910, pi. 1, figs. 5, 6 (holotype).

Emended diagnosis. Elongate, cylindroconical, or campanulate test. Chamber approxi-

mately two-thirds total length; base almost flat; margin drawn out into a short sharp

carina, generally directed aborally, and situated slightly below the maximum diameter.

Neck cylindrical, half to two-thirds maximum diameter in width; collarette flaring;

aperture serrate or fimbriate, generally 8-12 p wider than neck. Wall smooth.

Dimensions (in microns). 25 specimens measured.

Total Maximum Neck Apert ural Carina

length diameter diameter diameter width

Range

:

268-740 102-180 56-88 64-106 <3
Mean: 475 142 69 79 .

—
Holotype (Jansonius 1964): 310 — — — —
Description. The flanks may taper uniformly or be slightly swollen (PI. 50, figs. 1, 2, 4,

5), in which cases the chamber and neck are more or less clearly distinguishable.

Occasionally the test is trumpet-shaped, having concave flanks which merge with the

neck (PI. 50, figs. 3, 7). Originally the base probably was flat or almost so; in most
specimens, however, perhaps owing to compression, it is convex in the centre and con-

cave toward the margin. The carina is a continuous, uniformly wide, knife-edge rim

which, in lateral view, rarely protrudes more than 3 p beyond the general silhouette of

the test.

Remarks. This species was designated type species of Tanuchitina by Jansonius (1964),

but is here considered to fall well within the scope of Cyathochitina Eisenack 19556.

Comparison. C. agrestis sp. nov. has a much larger carina than C. ontariensis and the

shape of its test is quite different. C. stentor (Eisenack 1937) is furnished with a strongly

developed, skirt-like carina (up to 85 p in width; Laufeld 1967, p. 318) and an ornament

of strongly defined longitudinal ridges.

Material. Several thousand single tests.

Occurrence. Sy80-Sy305. The type material is from the subsurface Upper Ordovician of Ontario.

EXPLANATIONOF PLATE 50

Figs. 1-9. Cyathochitina ontariensis Jansonius 1964, X 100. 1, 2, Syl00/7/l/A and B, respectively,

typical examples with slender campanulate tests and weakly developed carinae. 3, Sy80/7/l/B,

trumpet-shaped test. 4, 5, Sy80/7/l/A and Syl00/70/l/C, respectively, with well-developed carinae.

6-7, Sy80/7/l/C and SylOO/7/l/D, respectively, very short tests. 8, Sy80/7/l/E. 9, Sy80/7/l/D.

Figs. 10, 12-17, 19, 20. Desmochitina minor Eisenack 1931. 10, 14, 15, 19, 20, Syl00/9/l/A, Sy80/9/l/A,

B, C, and Syl00/9/l/B, single tests each with an operculum firmly attached at the base, x250.

12, Sy40/9/l/A, single test lacking an operculum at its base (presumably one was once present and

has since been lost), but having retained the operculum sealing its own aperture (this is set squarely

in the throat of the specimen), x250. 13, 16, 17, Sy60/9/l/B, H, and Syl00/9/l/C, respectively,

chains of tests connected aperture-to-base, x 100.

Figs. 11, 18. Cyathochitina agrestis sp. nov. 11, Syl/8/l/A, holotype; 11a, X 100; 116, carina, x250.

18, Syl/8/l/B, x 100.

Fig. 21. Desmochitina scabiosa (Wilson and Hedlund 1964), Sy60/10/1/D, cluster of four tests, x250.
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Genus desmochitina Eisenack 1931 emend. 1962a

Type species. Desmochitina nodosa Eisenack 1931 (by original designation), Ordovician, Baltic.

Remarks. For the present I share Eisenack’s (1968, pp. 155, 185) view that Hoegisphaera

Staplin 1961 is superfluous, and would place it (and its junior synonym Calpichitina

Wilson and Hedlund 1964) in synonymy with Desmochitina Eisenack 1931 emend.

1962a. Hoegisphaera was established by Staplin (1961) for ‘a new type of Paleozoic

microfossil possibly allied to the Chitinozoa’ (op. cit., p. 392), in which ‘The colour and

texture of the wall are similar to those of Chitinozoa, but the analogy cannot be carried

farther’ (op. cit., p. 419). However, it is clear that the species assigned to Hoegisphaera

are chitinozoans, and they have been widely recognized as such in the literature (Jan-

sonius 1964, p. 913; 1967, p. 350; Taugourdeau et al. 1967, p. 61; Laufeld 1967, pp.

319-20, 327-8; Jenkins 1967, p. 462; Eisenack 1968, pp. 155, 185). Three years after

Hoegisphaera had been established, Wilson and Hedlund (1964) described the genus

Calpichitina with its type species C. scabiosa. This generic name, however, was proposed

for a species (C. scabiosa) which clearly fell within Staplin’s (1961) concept of Hoegi-

sphaera, and was closely similar in size and shape to Desmochitina complanata

Eisenack 1932 (for dimensions see Eisenack 1959, p. 16). Very shortly after the establish-

ment of Calpichitina, Wilson and Dolly (1964), doubting its validity, abandoned it by

transferring the type species (C. scabiosa) to Hoegisphaera.

Desmochitina minor Eisenack 1931

Plate 50, figs. 10, 12-17, 19, 20

1969 Desmochitina minor Eisenack; Jenkins, pp. 20, 21, pi. 6, figs. 1-18 (q.v. for further

synonymy).

Dimensions {in microns). 25 specimens measured.

Total Chamber Maximum Minimum {neck) Apertural

length length diameter diameter diameter

Range

:

72-120 60-108 66-86 46-60 54-64

Mean: 92 84 76 53 58

Remarks. Eight informal infraspecific taxa have been referred to Desmochitina minor

by Eisenack (1958, 1962a). The form recorded here corresponds exactly to the informal

taxon D. minor forma typica Eisenack 1958 but is considered to merit recognition

as a separate species. It occurs widely within North America and Europe, where it is

generally quite distinct. The remaining seven infraspecific taxa, and forms transitional

to them, are apparently lacking in the Sylvan Shale.

Most specimens are indistinguishable from many of the examples from Bohemia
(Eisenack 1948, text-figs. 14, 15), the Ordovician Rhenish Schiefergebirge (Eisenack

1939, text-figs. 1-3, 6), and the Swedish and British Caradoc (Laufeld 1967, fig. 25;

Jenkins 1967, pi. 71, fig. 18). They differ appreciably, however, from Eisenack’s Baltic

material (1962a, pi. 16, figs. 1-8, 10; 1965, pi. 10, figs. 16, 17) and the Viola-Fernvale

specimens recorded in an earlier study (Jenkins 1969), in that the general shape of

the chamber in lateral view tends to be spherical rather than quadrangular; the oral

tube is smaller and less sharply flaring; and chains of up to 20 tests are common.
In marked contrast to its broad pattern of morphological variation in the Viola and

Fernvale Limestones (Jenkins 1969, p. 21, pi. 6, figs. 1-18), the species is represented
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within the Sylvan Shale by a conservative form which, throughout the formation, varies

little in size, shape, or surface texture.

Material. Many thousand single tests, and several hundred chains of up to 20 tests each. Clusters of

up to 60 tests are commonat horizon Sy60.

Occurrence. Syl6-Sy260. In the lower half of the formation (Syl6-Syl40) D. minor is a numerically

important element in the chitinozoan fauna and occurs in long chains; thereafter its numbers are

drastically reduced, and the species is missing or extremely scarce near the top of the formation

(Sy280-Sy305). Its occurrence outside North America is given elsewhere (Jenkins 1969, p. 21).

Desmochitina scabiosa (Wilson and Hedlund 1964) Jenkins 1969

Plate 50, fig. 21

1958 Desmochitina sp. 2 Wilson, pi. 1, fig. 7.

1962a Desmochitina sp. Eisenack, p. 304, pi. 16, figs. 11, 12.

1964 Calpichitina scabiosa Wilson and Hedlund, p. 164, pi. 1, figs. 1 (holotype), 2-12.

1965 Desmochitina lecaniella Eisenack, p. 131, pi. 10, figs. 21, 22 (holotype).

1967 Desmochitina lecaniella Eisenack; Laufeld, p. 326, fig. 24.

1969 Desmochitina scabiosa (Wilson and Hedlund); Jenkins, p. 23.

Dimensions (in microns). 25 specimens measured.

Total Chamber Maximum Apertural

length length diameter diameter

Range: 50-75 43-68 52-92 48-62

Mean: 61 56 73 56

Holotype (Wilson and
Hedlund 1964): 60 79 41

Remarks. The stratigraphical ranges of D. scabiosa (Wilson and Hedlund 1964) and

D. lecaniella Eisenack 1965 both lie within the Upper Ordovician, and the two species

are so closely similar that it would seem impractical to continue distinguishing them.

Populations from the Sylvan Shale consist largely of single tests, but clusters (sensu

Kozlowski 1963) are common at several horizons.

Material. Several thousand single tests, and numerous clusters of up to 11 tests each.

Occurrence. Sy40-Sy305. Wilson and Hedlund (1964) illustrate several single tests particularly well,

and record the species approximately 50 ft. (15-24 m.) above the base of the formation, at an outcrop

on U.S. Highway 77 about 4 miles (6-4 km.) south of Davis, Oklahoma (text-fig. 1) and 20 miles

(32 km.) north-west of the Sycamore Creek section. Taugourdeau records C. scabiosa (illustrated as

C. cf. scabiosa) in the Maquoketa Formation, Richmond, of Iowa. Desmochitina lecaniella has been

recorded in the Caradocian Kegel Beds, D2 , of Estonia (Eisenack 1962a, 1965); in the Ostseekalk of

north Germany, Gotland, and south Finland (Eisenack 1965); and in the Dalby Formation, Caradoc,

of central Sweden (Laufeld 1967).

Genus kalochitina Jansonius 1964

Type species. Kalochitina multispinata Jansonius 1964 (by original designation), Upper Ordovician,

Ontario.

Remarks. The chief diagnostic features of this genus are its pyriform test, reduced

neck, and ornament of numerous, generally small spines which frequently are aligned

in longitudinal rows.
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text-fig. 6. Kalochitina multispinata Jansonius 1964. Lateral views illustrating

variation in the style of the ornament, x 400. a. Typical example with evenly spaced

spines, b. Typical example with spines showing tendency to align themselves in

longitudinal rows, c. Example with reduced ornament of short thorn-like spines.

d, Example furnished with ridges which appear to have formed, figuratively, as if

by fusion of closely spaced A-spines.

Kalochitina multispinata Jansonius 1964

Plate 51, figs. 1-10, 15; text-fig. 6

1958 Genus B, Wilson, pi. 1, figs. 10, 11.

1964 Kalochitina multispinata Jansonius, p. 909, pi. 2, figs. 21 (holotype), 22.

Dimensions (in microns). 30 specimens measured.

Total Maximum Apertural Spine

length diameter diameter length

Range: 102-156 82-103 42-60 < 12

Mean: 121 90 51 —
Holotype (Jansonius 1964) : 140 — — —
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Description. The test is pyriform to conical, with a maximum diameter about four-fifths

of the total length. The neck is short, tapering, and rather weakly differentiated from

the chamber; in most individuals it has been lost or was never developed. The apertural

diameter equals or slightly exceeds half the maximum diameter.

In all populations of K. multispinata the ornament varies considerably, but, for the

most part, its range of variation is much the same throughout the formation. The
lower and upper beds (up to horizon Sy60 and above horizon Sy200) contain pure

populations of K. multispinata, but throughout approximately the middle 140 ft.

(43 m.) of the formation (horizons Sy80 to Sy200) the species makes up continuously

intergrading populations with A. rashidi. The two species are distinguished from each

other arbitrarily and solely on the basis of their ornaments (compare text-figs. 2 and 6).

Typical examples of K. multispinata are covered with closely and evenly spaced A-spines,

up to 12 p in length and possessing 2-6 proximal limbs (text-fig. 6a). In many, but by no
means all, of the more typical examples, the proximal limbs of each A-spine, and the

spines as a whole, show some tendency to loosely align themselves in approximately

30 more or less clearly defined longitudinal rows (text-fig. 6b). In addition, each popula-

tion contains individuals whose ornament is reduced to short (< 2-5 p in length) thorn-

like spines (text-fig. 6c). A rare form, seemingly of sporadic vertical distribution, is

furnished with perforate or imperforate ridges up to Sp in height (text-fig. 6d), which

appear to have formed, figuratively, as if by fusion of very closely spaced A-spines.

Variants transitional to A. rashidi (text-fig. 2) occur from horizon Sy80 to Sy260.

Material. Several thousand single tests, and 20 chains of up to 4 tests each.

Occurrence. Syl6-Sy260. The type material is from the subsurface Upper Ordovician of Ontario

(Jansonius 1964).

Genus rhabdochitina Eisenack 1931

Type species. Rhabdochitina magna Eisenack 1931 (by original designation), Ordovician, Baltic.

Rhabdochitina sp.

Plate 51, fig. 14

Remarks. A species of very large chitinozoan is present in the Sylvan Shale, but only

2 incomplete examples are recorded here, one from horizon Sy80, the other from Syl20.

EXPLANATIONOF PLATE 51

Figs. 1-10, 15. Kalochitina multispinata Jansonius 1964, all but 10 X250. 1-5, Sy40/3/l/C, Syl00/3/l/A,

E, G and Sy60/3/l/D, respectively. 6, Sy40/3/l/A, showing ornament through translucent test.

7, 8, Syl00/3/l/B and Sy40/3/l/D, respectively. 9, Da2/3/l/D, cluster of four tests showing a roughly

parallel alignment of their longitudinal axes, a particularly common phenomenon in this species.

10, Sy40/3/l/M, A-spines, in phase-contrast illumination x 1000. 15, Syl00/3/l/D, chain of two

tests.

Figs. 11-13, 16-20. Sphaerochitina lepta sp. nov., a series of tests illustrating inter alia the variable

length of the neck, x250. 11, Sy60/1 1/1/F, compressed so the longitudinal axis of the neck has

folded into the same plane as the transverse axis of the chamber (cf. text-fig. la). 12, 13, 16-18,

Sy60/ll/l/K (holotype), E, M, R, and B, respectively. These specimens are not carinate, as might

be erroneously assumed from the photographs. The sharp prominences on the chambers are not

original features but occur in tests where accommodation during compression has involved an inward

collapse of the base (cf. text-fig. lb). 19, 20, Sy 1 00/ 11/1 /C and D, with relatively long necks.

Fig. 14. Rhabdochitina sp., Sy80/5/l/A, X 100.
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